Introduction {#section5-1745506520932372}
============

Obesity is one of the greatest threats to the future of human health, as it can lead to a reduction in life span and chronic diseases such as heart failure, diabetes, cancer, arthritis, and metabolic syndrome.^[@bibr1-1745506520932372],[@bibr2-1745506520932372]^ Despite being a major global concern, the extent of obesity has nonetheless more than doubled since the 1980s. In 2016, over 1.9 billion adults around the world were considered as overweight. Among adults (over the age of 18 years), 39% are defined as overweight and 13% as obese. Of the total world population, 65% live in countries where more people die from complications related to being overweight compared to being underweight.^[@bibr1-1745506520932372]^ Obesity also increases the risk of cardiovascular disease and elevates triglycerides, cholesterol, and glucose levels.^[@bibr3-1745506520932372]^ It leads to a bigger waist circumference (WC), hip circumference (HC), and waist--hip ratio (WHR).^[@bibr4-1745506520932372],[@bibr5-1745506520932372]^ A rise in one unit of body mass index (BMI) increases the risk of high blood pressure by 8%. The risk of high blood pressure due to obesity is five times higher than among people with a healthy weight.^[@bibr2-1745506520932372],[@bibr6-1745506520932372]^

In addition, it has been shown that overweight people have a lower maximum oxygen capacity than people at a healthy weight^[@bibr7-1745506520932372]^ and are more likely to suffer from pulmonary problems, as being overweight can reduce the strength and endurance of the pulmonary muscles. Pulmonary discomfort may lead to a decrease in physical activity, which can cause even lower oxygen capacity, resulting in a reduction in the ability to manage regular daily living with less fatigue and effort.^[@bibr7-1745506520932372]^ A decrease in physical abilities is a serious negative implication of obesity; obese people can have difficulties performing simple daily activities such as going shopping, tying shoelaces, or even getting up from a seated position. Increased fat mass also reduces flexibility and range of motion, especially in the shoulders, hips, knees, and vertebrate column.^[@bibr8-1745506520932372],[@bibr9-1745506520932372]^ Błaszczyk et al.^[@bibr10-1745506520932372]^ showed that overweight people are less stable and tend to fall more than people with a healthy weight due to the changes in the central mass of their body. Obesity leads to pain, discomfort, and low life quality, along with psychological problems such as a low sense of well-being, low body image and self-image, low self-esteem, stress, and depression.^[@bibr11-1745506520932372][@bibr12-1745506520932372][@bibr13-1745506520932372][@bibr14-1745506520932372][@bibr15-1745506520932372]--[@bibr16-1745506520932372]^ Middle-aged women are at a higher risk of gaining weight compared to younger women, and therefore, have to deal not only with body changes due to menopause but also the consequences of gaining weight.^[@bibr17-1745506520932372],[@bibr18-1745506520932372]^

Maintaining a healthy weight improves lipoprotein and lipid blood profiles reduces the level of cholesterol and sugar in the blood and lowers the risk of cardiovascular disease and diabetes.^[@bibr19-1745506520932372],[@bibr20-1745506520932372]^ Studies have shown that weight reduction improves balance and reduces the number of falls, as well as improves flexibility.^[@bibr8-1745506520932372],[@bibr9-1745506520932372],[@bibr21-1745506520932372],[@bibr22-1745506520932372]^ Reaching the goal of a normal weight improves not only physiological body variables but also psychological status and quality of life.^[@bibr23-1745506520932372]^ Thus, losing weight and learning how to lose weight have become major issues in the modern world. While there is much research concerning the different ways to lose weight, the technique as to the best way to lose weight is not unified: some studies recommend just dietary restrictions, some emphasize exercise, and others recommend both dieting and exercising.^[@bibr24-1745506520932372][@bibr25-1745506520932372]--[@bibr26-1745506520932372]^ All the studies have generally agreed that, while in the short term, it is possible to lose weight in a dietary restriction program, intervention programs that include both diet and exercise are more beneficial for the long term.^[@bibr24-1745506520932372][@bibr25-1745506520932372]--[@bibr26-1745506520932372]^ Different studies have shown that integrating physical activity with a diet program improves physiological performance, stability, and maximum oxygen uptake; lowers blood pressure; and has a positive effect on emotional states.^[@bibr26-1745506520932372][@bibr27-1745506520932372][@bibr28-1745506520932372][@bibr29-1745506520932372]--[@bibr30-1745506520932372]^ Nonetheless, each study presents just one or two variables, and not all the changes can be necessarily attributed to different ways of losing weight. Therefore, it is not entirely clear as to the best type of intervention program for losing weight. This study aims to fill this gap by exploring which kind of intervention program can best help middle-aged overweight women lose weight, while improving anthropometric, biochemical, physiological, physical, and psychological variables.

Materials and methods {#section6-1745506520932372}
=====================

Study setting and description of the program {#section7-1745506520932372}
--------------------------------------------

Data and results from women who participated in a variety of weight loss programs at a sports center called "The Fitness Way for Life," located in a large city in the center of Israel, were analyzed. The women were offered to participate in an 8-week program for a reduced fee at the fitness center. The women were randomly assigned to each program. Since the spots filled up very quickly, those who enrolled last and had no place were promised that they could participate in the next session occurring within 8 weeks. The women who agreed to wait 8 weeks went through the registration process, including taking the pre-tests again before starting the program. These women were considered as the control group.

The different programs consisted of both exercise and diet instruction (exe + nutr), only diet restriction instruction (nutrition), or only exercise instruction. The length of each program was 8 weeks. At both the beginning and end of the program, the participants were required to undergo a large number of tests and assessments and answer questionnaires. (This was done to emphasize to the participants the significant change they went through.) After completing their specific program, 199 women agreed to share all their data (before and after the program) for research purposes. The control group consisted of a group of women who had not yet started a program and were to participate in the next program session. Once agreeing to share their data, all women signed a written consent form.

Research design and data collection {#section8-1745506520932372}
-----------------------------------

There were 199 overweight women aged 40--60 years who participated in the weight loss program. The women responded to a newspaper advertisement about a weight loss program and were assigned randomly to the different groups (exe + nutr, nutrition, or exercise) by the fitness center. (Each time a participant was added to a different group until the groups were filled.) After 2 months, when the programs ended and after receiving all the data, participants with active infections, cancer, grade 3 obesity, or major orthopedic problems were excluded from the analysis. Of the 145 women who matched the characteristics of the study and completed the baseline evaluation, only 96 were found to complete the post-tests and were analyzed. [Figure 1](#fig1-1745506520932372){ref-type="fig"} shows the flow diagram of the study population. Six months after the program ended, women who were analyzed in this study were contacted by telephone and were asked several follow-up questions, including: Have you continued to diet/exercise since the program ended? Have you gained or lost weight? How many kilograms have you gained or lost? Do you exercise independently or in an organized manner? How many days a week do you exercise?

![Flow diagram of the study population.](10.1177_1745506520932372-fig1){#fig1-1745506520932372}

All the women lived in or near the center of Israel (Tel Aviv and surroundings). The average age was 53.8 (standard deviation (SD) 6.65) years. All the women started the program with a BMI of over 24 kg/m^2^. Approximately 81% were born in Israel, 66% were married, 18% were divorced, 8% were single, 2% were widowed, and 6% lived with a spouse but were not married. Approximately, 13% reported to having a high school education, 15% had a vocational high school education, and 72% had a college education. The average number of years of school education was 15.8 (SD = 3.25). The average number of children was 2.6 (SD = 1.21), with a range of 0--7 children.

Measures and survey instruments {#section9-1745506520932372}
-------------------------------

Five major variables were tested: anthropometric, biochemical, physiological, physical ability, and psychological parameters. Each variable was measured at the beginning and end of the study.

### Anthropometric variables (BMI, body fat percentage, WC, HC, and lean body mass) {#section10-1745506520932372}

Height, body mass, and body fat percentage were measured prior to and at the end of each program. Height was measured in centimeters using a wall-mounted altimeter to the nearest 0.1 cm, while weight was measured using an Omron Karada Scan (model HBF-356) to the nearest 0.1 kilogram (kg). When being measured, participants were allowed to wear only light clothing and no shoes. BMI was calculated by dividing weight (kg) by height (square meter (m²)) and classified according to the World Health Organization criteria: normal weight (18.5--24.9 kg/m^2^), overweight (25.0--29.9 kg/m^2^), and obese (\>30 kg/m^2^).^[@bibr31-1745506520932372]^

Body fat percentage was measured according to the bio-impedance analysis technique using an Omron Karada Scan (model HBF-356). WC and HC were measured using a measuring tape to the nearest 0.1 cm. WHR was calculated according to the ratio between WC and HC. Fat mass was calculated by multiplying body weight by body fat percentage, and lean body mass (LBM) was calculated by subtracting the fat mass from total body weight.

### Biochemical variables (triglycerides, cholesterol, low-density lipoprotein, high-density lipoprotein, and fasting glucose) {#section11-1745506520932372}

Triglycerides, cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), and fasting glucose measures (mg %) were obtained from the participant's health maintenance organization records. Before the start of the program, each participant was asked to provide blood test results taken within the previous 2 months. The women were asked to undergo another blood test within 1 month following the end of the program. The normal range of the blood values were in accordance with Kasper et al.^[@bibr32-1745506520932372]^

### Physiological variables (blood pressure and predicted maximal oxygen consumption (VO~2~ max)) {#section12-1745506520932372}

Blood pressure was measured during rest in a seated position using a Tensoval comfort blood pressure device, manufactured by Hartman, USA. Blood pressure was measured three times, the final result being an average of the three measurements. Predicted VO~2~ max was measured using an ergometer bicycle (Monark Ergomedic 818). The protocol of the test was the Astrand and Ryhming test as described in Legge and Banister's study (1986). The women cycled for 15 min; the workload started at 25 or 50 W and every 5 min, the workload was increased by 25 W. At the end of each 5-min stage, heart rate was measured (using a polar watch).

### Physical ability variables (balance and flexibility) {#section13-1745506520932372}

Physical ability was tested using a one-leg balance test and two range of motion tests. The protocol for the one-leg balance test was taken from several studies and adjusted to fit each participant's profile.^[@bibr33-1745506520932372][@bibr34-1745506520932372]--[@bibr35-1745506520932372]^ The participants were asked to stand on one leg with their hands on their waist. The other leg was bent, with the knee pointed to the ground at 90°. Time in seconds was measured using a stopwatch. The test ended at one of three possible points: when the participant's hand touched any object, when the participant's raised leg touched the floor, or after reaching 3 min. The test was performed on each leg.

Flexibility of the hamstrings and range of motion of the hip area were measured using two range of motion tests: a sit and reach test and a straight leg raise (SLR). The sit and reach test was performed as mentioned in Heyward and Gibson (2014).^[@bibr36-1745506520932372]^ The measuring box was purchased from Acuflex, USA. The participants were asked to sit in front of the box with straight legs and their feet touching the box. In a controlled manner, they were asked to bend forward as far as possible toward the ruler on the box and to stay in that position for 2 s. The test was performed three times (with gaps of 30 s in between). The average of the three tests was marked as the final score. The SLR test was performed using a goniometer purchased from Petterson, USA, as mentioned in Heyward and Gibson (2014).^[@bibr36-1745506520932372]^ The participants were also asked to lie on their backs on the floor with their legs straight on the ground. In a controlled manner, the instructor raised one of the participant's legs until they felt discomfort or a stretch in the back of the thigh. The range of motion was measured in degrees using the goniometer in both legs. Since the results from both tests were very similar, only the SLR test is presented in the results.

### Psychological variables (subjective well-being, self-efficacy, body image, and self-image) {#section14-1745506520932372}

Several questionnaires, comprised of 50 questions, were distributed. Demographic data, including personal and family details (age, educational level, religion, and socioeconomic status) were obtained from each participant at baseline. The questionnaires also included diet and physical activity habits taken from the "Knowledge, Attitude and Practices" Israeli national surveys.^[@bibr37-1745506520932372]^ Before and after the program, the participants filled in a subjective well-being (SWB) questionnaire, a general perceived self-efficacy questionnaire, and a body image and self-image questionnaire. The SWB questionnaire was originally developed by Veit and Ware^[@bibr38-1745506520932372]^ and was validated by Florian and Drori.^[@bibr39-1745506520932372]^ In this study, in the SWB questionnaires, there were 10 questions measured on a five-point scale, ranging from 1 (completely disagree) to 5 (completely agree); an alpha-Cronbach's (*α* of 0.96 was found. The general perceived self-efficacy questionnaire comprised a 10-item self-report measure used to assess general self-efficacy and to measure one's general sense of perceived self-efficacy.^[@bibr40-1745506520932372]^ An *α* = 0.81 was found, which allowed the researchers to use this questionnaire.

In order to assess body image, a modified Gray's questionnaire was used.^[@bibr41-1745506520932372]^ Twelve questions were measured on a five-point Likert-type scale, ranging from 1 (completely disagree) to 5 (completely agree). Internal consistencies for body image (α = 0.83) subscales were excellent. For self-image, the Tennessee self-concept scale was used.^[@bibr42-1745506520932372]^ In this study, 13 questions were measured on a five-point scale, ranging from 1 (completely disagree) to 5 (completely agree). Internal consistencies for self-image (*α* = 0.81) subscales were excellent.

Program procedure {#section15-1745506520932372}
-----------------

The women arrived at the fitness center following a newspaper advertisement about a weight loss program. The women were divided into the different programs randomly (after registering for the program, the women were added to different groups until they were all filled). After completing all the pre-tests and assessments, the women who participated in the diet restriction only group (nutrition) participated in a session with a nutritionist, who provided a diet protocol as described elsewhere,^[@bibr25-1745506520932372],[@bibr26-1745506520932372]^ but with adjustment and customization to each participant, according to weight, height, and age. The participants continued to diet for 8 weeks and could consult with the nutritionist whenever necessary. In general, carbohydrates were restricted except 60 g of "Fiber 1" cereal in the morning. Each meal consisted of one serving of low-fat protein (beef, chicken, fish, eggs, and dairy products) and vegetables. Green vegetables were unlimited, while other vegetables were limited (the participants were provided with a long list of permitted, limited, and prohibited foods). The total daily calorie allowance was estimated between 1000 and 1500 calories, according to height, weight, and daily activities, but never went below their basic metabolic rate. The diet restriction group did not receive any advice concerning physical activity and were told to continue with their regular physical activity habits, but not to add any new activity. The exercise and diet (exe + nutr) group went through the same process as the diet restriction group concerning the diet program and were also required to go to the gym facilities at least three times a week and participate in three different workout classes: an aerobics class (e.g. cycling or walking/running), strength training (in a class with an instructor or in the gym using workout equipment), and a stretching class. Each class lasted 60 min. The exercise protocol was based on other studies^[@bibr25-1745506520932372],[@bibr26-1745506520932372]^ and adjusted by a special exercise physiologist. Once a week, the women in this group met with their personnel trainer, who would adjust the activity if necessary. They were also able to call and consult with their nutritionist if needed. The exercise group participated in the workout program just as the exercise and diet (exe + nutr) group did but did not receive any consulting regarding diet changes.

Data analyses {#section16-1745506520932372}
-------------

A descriptive analysis was conducted on each sample population. In addition, a paired t-test analysis was executed to analyze the difference before and after the weight loss program. A one-way analysis of variance (ANOVA) test was conducted to examine the differences between the different groups. The exercise group started with only 15 participants because of dropout rate during the first 2 weeks of the program, due to problems with the instructor. This group ended with a total of only seven women because of a low response to the post-tests, thus although their data are presented in the results, it is not discussed in 'Discussion' section and should be examined with great caution.

Results {#section17-1745506520932372}
=======

Survey findings {#section18-1745506520932372}
---------------

In this study, five major research topics were investigated on the topic of weight loss programs and their impact on anthropometric, biochemical, physiological, physical, and psychological variables.

### Anthropometric variables {#section19-1745506520932372}

[Table 1](#table1-1745506520932372){ref-type="table"} shows the results of the anthropometric variables measured, namely, body weight, BMI, body fat percentage, WC, HC, fat mass, LBM, and WHR. The women participating in the exe + nutr and nutrition programs showed a significant reduction in their body weight, losing an average of 3.5--3.9 kg; no change was exhibited in the exercise or control groups. The women in the exe + nutr and nutrition groups reduced their body weight, BMI, body fat percentage, WC, HC, and fat mass; WHR did not change in either group. The women in the nutrition group showed a reduction in LBM, while those in the exe + nutr group maintained their muscle mass and showed no change in LBM. In the exercise group, there was a significant reduction only in the WC. In addition, a one-way ANOVA analysis to measure the differences between the groups in the changes (from post-test to pre-test) that occurred following the program found that WC and HC were more significantly reduced in the exe + nutr group (5.7 and 5.8 cm, respectively) than in the nutrition group (2.2 and 2.7 cm, respectively).

###### 

Anthropometric changes following nutrition and exercise programs.

![](10.1177_1745506520932372-table1)

  **Variable**              Exe + nutr (n = 41)   Nutrition (n = 21)   Exercise (n = 7)                                             Control (n = 27)                                                                                                                                                                                                                                         
  ------------------------- --------------------- -------------------- ------------------------------------------------------------ ------------------ ------------- -------------- ----------------------------------------------------------- ------ -------------- -------------- ----------------------------------------------------------- ------ -------------- -------------- ------ -------
  **Age (years)**           53.3 (6.8)            --                   --                                                           --                 55.6 (5.5)    --             --                                                          --     54.2 (6.3)     --             --                                                                 53.2 (7.2)     --             --     --
  **Body weight (kg)**      81.3 (11.4)           77.8 (11.8)          9.1[\*](#table-fn3-1745506520932372){ref-type="table-fn"}    −4.3               83.2 (11.5)   79.2 (10.9)    7.2[\*](#table-fn3-1745506520932372){ref-type="table-fn"}   −4.8   87.9 (17.7)    87.2 (17)      1.1                                                         −0.8   83.5 (14.5)    83.4 (14.1)    0.08   −0.1
  **BMI (kg/m** ^2^ **)**   30.8 (4.1)            29.5 (4.1)           9.4[\*](#table-fn3-1745506520932372){ref-type="table-fn"}    −4.2               31.9 (4.5)    30.3 (4.2)     7.1[\*](#table-fn3-1745506520932372){ref-type="table-fn"}   −5.0   33.9 (6.7)     33.6 (6.5)     1.1                                                         −0.9   30.5 (4.8)     30.4 (4.6)     0.18   −0.3
  **Body fat** (**%**)      42.1 (6.1)            39.2 (5.9)           4.8[\*](#table-fn3-1745506520932372){ref-type="table-fn"}    −6.9               43.2 (4.0)    41.6 (4.4)     3.1[\*](#table-fn3-1745506520932372){ref-type="table-fn"}   −3.7   46.1 (5.4)     45.4 (6.2)     1.2                                                         −1.5   40.2 (5.8)     40.2 (5.6)     0.09   0
  **WC** ^a^ **(cm)**       101.7 (9.5)           96.1 (10.1)          7.6[\*](#table-fn3-1745506520932372){ref-type="table-fn"}    −5.5               102.5 (9.8)   100.3 (9.0)    1.9                                                         −0.5   108.7 (14.8)   106 (12.7)     2.3[\*](#table-fn3-1745506520932372){ref-type="table-fn"}   −2.5   102.2 (12.6)   101.5 (11.9)   0.67   −0.68
  **HC (cm)**               114.1 (7.8)           108.2 (8.5)          10.9[\*](#table-fn3-1745506520932372){ref-type="table-fn"}   −5.2               116.4 (9.6)   113.6 (12.2)   2.1[\*](#table-fn3-1745506520932372){ref-type="table-fn"}   −2.4   116.7 (12.7)   115.8 (12.2)   0.5                                                         −0.8   111.4 (8.2)    111.1 (7.5)    0.53   0.26
  **Fat mass (kg)**         34.5 (8.4)            30.9 (8.4)           6.8[\*](#table-fn3-1745506520932372){ref-type="table-fn"}    −10.4              36.2 (7.7)    33.2 (7.6)     5.4[\*](#table-fn3-1745506520932372){ref-type="table-fn"}   −8.3   41.3 (12.6)    40.4 (12.7)    1.2                                                         −2.2   33.9 (9.3)     33.9 (9.3)     0.1    0
  **LBM (kg)**              46.8 (5.8)            46.9 (5.2)           0.2                                                          0.2                46.9 (4.8)    45.9 (4.5)     2.7[\*](#table-fn3-1745506520932372){ref-type="table-fn"}   −2.3   46.7 (6)       46.7 (5.2)     0.13                                                        0      49.5 (7.3)     49.5 (7.0)     0.03   0
  **WHR**                   0.89 (0.05)           0.88 (0.05)          0.8                                                          −1.1               0.88 (0.07)   0.89 (0.05)    −0.2                                                        1.1    0.93 (0.07)    0.88 (0.05)    3.8[\*](#table-fn3-1745506520932372){ref-type="table-fn"}   −5.3   0.92 (0.08)    0.91 (0.07)    0.48   −1.1

exe + nutr: exercise + nutrition program; kg: kilograms; BMI: body mass index; kg/m^2^: kilograms/square meter; WC: waist circumference; cm: centimeters; HC: hip circumference; LBM: lean body mass; WHR: waist--hip ratio.

Variables were tested with t-test for dependent samples.

*p* \< 0.05.

### Biochemical variables {#section20-1745506520932372}

Five biochemical variables were measured: triglycerides, cholesterol, LDL, HDL, and fasting blood glucose ([Table 2](#table2-1745506520932372){ref-type="table"}). In the exe + nutr and nutrition groups, there was a general reduction in all variables, while in the exercise and the control group, there were no significant changes. The results of the biochemical variables should be analyzed with caution, since only a small number of the participants provided their blood test results after the program ended. (The blood tests were carried out and provided by the participants' own health maintenance organization, and the participants were responsible for providing their blood test results and not all of them did so.)

###### 

Biochemical changes following nutrition and exercise programs.

![](10.1177_1745506520932372-table2)

  **Variable** (mg %)     Exe + nutr (n = 41)   Nutrition (n = 21)   Exercise (n = 7)                                            Control (n = 27)                                                                                                                                                                                      
  ----------------------- --------------------- -------------------- ----------------------------------------------------------- ------------------ -------------- -------------- ------------------------------------------------------------ ------- -------------- -------------- ------ ------ -------------- -------------- ----- -------
  Triglycerides           135\. 5 (50.8)        105.3 (43.9)         2.9[\*](#table-fn6-1745506520932372){ref-type="table-fn"}   −20.3              119.3 (18.8)   105.9 (26.8)   1.2                                                          −11.2   126.7 (65.7)   138 (89.7)     0.59   +8.9   133.7 (58.2)   149.2 (76.3)   1.2   +11.6
  Cholesterol total       202.1 (45.5)          182.5 (36.8)         3.3[\*](#table-fn6-1745506520932372){ref-type="table-fn"}   −9.7               212.2 (41.1)   194.4 (45.3)   3.1[\*](#table-fn6-1745506520932372){ref-type="table-fn"}    −8.4    213.7 (20.5)   219.3 (53.4)   0.32   +2.6   202.9 (30.7)   194.9 (33.8)   1.1   −3.9
  LDL cholesterol         123.8 (42.7)          114.9 (34.9)         1.96                                                        −7.2               137.2 (40.4)   123.1 (41.3)   3.99[\*](#table-fn6-1745506520932372){ref-type="table-fn"}   −10.3   129 (23.5)     125.7 (47.9)   0.22   +2.6   121.7 (26.8)   115.6 (25.9)   0.9   −5
  HDL cholesterol         57.8 (15.2)           54.9 (11.1)          1.1                                                         −5                 49.7 (12.5)    47.3 (8.8)     0.65                                                         −4.8    61.1 (16)      58.2 (11.3)    0.83   −4.7   53.9 (12.1)    51.6 (11.2)    1.5   −4.3
  Fasting blood glucose   97.2 (16.5)           93.8 (9.3)           1.6                                                         −3.5               94.4 (13.2)    92.4 (9.1)     0.4                                                          −2.1    89.7 (3.6)     87.7 (14)      0.32   −2.2   103.7 (25.8)   109.1 (31.5)   2.3   +5.2

exe + nutr: exercise + nutrition program; mg: milligram; LDL: low-density lipoprotein; HDL: high-density lipoprotein.

Variables were tested with t-test for dependent samples.

*p* \< 0.05.

### Physiological and physical variables {#section21-1745506520932372}

Four physiological variables were measured: blood pressure, predicted VO~2~ max, balance, and hip range of motion ([Figure 2(a)](#fig2-1745506520932372){ref-type="fig"} and ([b](#fig2-1745506520932372){ref-type="fig"}) and [Figure 3(a)](#fig3-1745506520932372){ref-type="fig"} and ([b](#fig3-1745506520932372){ref-type="fig"})). These four variables were measured because it is known that when a person performs physical exercise on a regular basis, it has a significant impact on physiological parameters and physical capabilities. It is also known that losing weight, especially reducing fat mass with no physical activity, can also improve physiological and physical performance.^[@bibr19-1745506520932372],[@bibr21-1745506520932372],[@bibr23-1745506520932372]^ A t-test analysis for dependent samples was performed for all variables. Blood pressure was reduced in both exe + nutr and nutrition groups, but not in the exercise and control groups. Predicted VO~2~ max, as well as leg balance, was improved only in exe + nutr and nutrition groups, while hip range was improved in both exe + nutr and exercise groups. The control group did not show changes in any of the physiological variables. Furthermore, in a one-way ANOVA analysis to measure the difference between the groups in the change (from post-test to pre-test) that happened following the program, a significant difference in blood pressure was found between the groups (exe + nutr and nutrition) and the control group (−5.06, −3.65, and +0.57, respectively, *p* = 0.002). In predicted VO~2~ max, a significant difference was found between the exe + nutr and nutrition groups compared to the control group (4.79, 3.19, and −0.61, respectively, *p* = 0.001). A significant difference in the change that occurred before and after the program between the groups was also found in the one-leg balance test (8.38, 14.78, and −5.39, respectively, *p* = 0.005).

![Average blood pressure and predicted VO~2~ max measurement before and after the program. (a) Average blood pressure before and after the program. Values shown are the means and the standard deviations are represented by vertical bars. The difference between the average blood pressure before and after the programs was measured using a t-test analysis for dependent samples. (b) Predicted VO~2~ max measurement before and after the program. Values shown are the means and the standard deviations are represented by vertical bars. The difference between predicted VO~2~ max before and after the programs was measured using a t-test analysis for dependent samples.\
\**p* \< 0.05, \*\**p* \< 0.01.](10.1177_1745506520932372-fig2){#fig2-1745506520932372}

![One-leg balance test and range of motion of the hip joint before and after the program. (a) One-leg balance test before and after the program. Values shown are the means and the standard deviations are represented by vertical bars. Balance was measured using the one-leg balance test before and after the different programs. The difference before and after was measured using a t-test analysis for dependent samples. (b). Range of motion of the hip joint before and after the program. Values shown are the means and the standard deviations are represented by vertical bars. The range of motion of the hip joint was measured using the straight leg raise (SLR) test before and after the different programs. The difference was measured using a t-test analysis for dependent samples.\
\**p* \< 0.05, \*\**p* \< 0.01.](10.1177_1745506520932372-fig3){#fig3-1745506520932372}

### Psychological variables {#section22-1745506520932372}

This study also measured the psychological variables that play major roles in losing weight and maintaining a healthy lifestyle. Four psychological variables were measured: well-being, self-efficacy, body image, and self-image. In the exe + nutr group, all four psychological variables increased in medium to high levels ([Table 3](#table3-1745506520932372){ref-type="table"}). In the nutrition group, only body image and self-image increased; in the exercise and control groups, there was almost no improvement in any of the psychological variables.

###### 

Psychological changes following nutrition and exercise programs.

![](10.1177_1745506520932372-table3)

  **Variable**    Exe + nutr (n = 41)   Nutrition (n = 21)   Exercise (n = 7)                                            Control (n = 27)                                                                                                                                                                                                                                      
  --------------- --------------------- -------------------- ----------------------------------------------------------- ------------------ ------------- ------------- ----------------------------------------------------------- ------- ------------- ------------- ------ ------- ------------- ------------- ----------------------------------------------------------- -------
  Well-being      3.36 (0.57)           3.51 (0.53)          2.5[\*](#table-fn9-1745506520932372){ref-type="table-fn"}   +4.5               3.41 (0.57)   3.54 (0.39)   1.2                                                         +3.8    2.87 (0.4)    2.94 (0.68)   0.46   +2.43   3.41 (0.74)   3.4 (0.67)    0.11                                                        −0.29
  Self-efficacy   3.14 (0.62)           3.41 (0.57)          3.9[\*](#table-fn9-1745506520932372){ref-type="table-fn"}   +8.6               2.99 (0.68)   3.17 (0.67)   1.7                                                         +6      2.97 (0.4)    2.87 (1.03)   0.31   −3.37   3.14 (0.61)   3.14 (0.63)   0.04                                                        0
  Body image      2.62 (0.68)           3.28 (0.8)           7.2[\*](#table-fn9-1745506520932372){ref-type="table-fn"}   +25                2.73 (0.55)   3.06 (0.57)   2.2[\*](#table-fn9-1745506520932372){ref-type="table-fn"}   +12     2.53 (0.72)   2.3 (1.3)     0.54   −9.1    2.64 (0.59)   2.88 (0.57)   2.5[\*](#table-fn9-1745506520932372){ref-type="table-fn"}   +9.1
  Self-image      3.24 (0.6)            3.65 (0.61)          5.4[\*](#table-fn9-1745506520932372){ref-type="table-fn"}   +12.7              3.34 (0.38)   3.71 (0.43)   3.3[\*](#table-fn9-1745506520932372){ref-type="table-fn"}   +11.1   2.99 (0.47)   3.23 (0.55)   1.27   +8      3.27 (0.49)   3.38 (0.55)   1.4                                                         +3.4

exe + nutr: exercise + nutrition program.

Variables were tested with t-test for dependent samples.

*p* \< 0.05.

When measuring the difference between the three groups in the change (post-test to pre-test) that occurred following the program (using a one-way ANOVA analysis), there was a significant difference (*p* \< 0.05) in self-efficacy, body image, and self-image between the exe + nutr group (0.26, 0.65, and 0.41, respectively) and the control group (0.003, 0.23, and 0.11, respectively).

Six months after the programs ended, a follow-up study was conducted. The participants answered a phone-based survey asking the following questions: Have you continued to diet/exercise after the program ended? Have you gained or lost weight? How many kilograms have you gained or lost? Do you exercise independently or in an organized manner? How many days a week do you exercise? As can be seen in [Table 4](#table3-1745506520932372){ref-type="table"}, regarding most of the questions, there was no difference between the exe + nutr group and the nutrition group once the program ended. There were more participants in the exe + nutr group who continued to diet than in the nutrition group, but the difference was not significant. There was no difference between the exe + nutr and nutrition group regarding the number of participants who gained or lost weight or experienced any weight change ([Table 4](#table4-1745506520932372){ref-type="table"}). In both groups, approximately 50% of the participants gained weight after the program ended. Among the participants who lost weight after the program ended (n = 13), those from the nutrition group lost more weight than the women from the exe + nutr group. In both groups, approximately 50% of the women exercised after the program ended. In the exe + nutr group, 53.8% of the women preferred to exercise independently, while in the nutrition group, the women who exercised preferred to do so either in an organized manner or in both an organized manner and independently. The exe + nutr group exercised 2.27 (SD = 2.61) times a week, and the nutrition group exercised 1.34 (SD = 1.65) times a week. The exercise group was not included in the follow-up study because this group continued exercising in the facilities in an additional diet program.

Discussion {#section23-1745506520932372}
==========

The main purpose of this study was to strengthen the idea that the use of diet together with exercising for the purpose of losing weight is better than solely dieting, or solely exercising, because when combining exercising and eating a healthier diet, there is an improvement to more aspects of life and at larger scales.

This study analyzed the differences between weight loss programs among middle-aged women. While there are many studies on this issue, this was the first to measure anthropometric, biochemical, physiological, physical, and psychological variables at the same time and using the same study participants. This research paradigm allowed for a better overview of all the aspects involved in losing weight and enabled a better analysis and comparison between different weight loss programs.

In this study, all anthropometric variables were reduced in both the exe + nutr and nutrition groups, but not in the control group ([Table 1](#table1-1745506520932372){ref-type="table"}). Because the exercise group included only seven participants, it is not possible to draw conclusions from their results, thus most conclusions excluded the exercise group. The exe + nutr and nutrition groups both showed a reduction in body weight, BMI, body fat percentage, WC, and HC. Although both showed the same trend and there was no significant difference between the groups (in body weight, BMI, fat mass, and body fat percentage), the exe + nutr group showed a better reduction in all parameters. The difference between the two groups was significant regarding WC and HC, with a smaller WC and HC in the exe + nutr group. It was noteworthy that even with a small sample, participants from the exercise group showed significant reduction in WC and WHR. A wide body circumference and WHR are important factors when evaluating cardiovascular disease and diabetes;^[@bibr43-1745506520932372]^ a reduction in body circumference and especially WC, therefore, lessens the risk of morbidity and mortality caused by cardiovascular disease, high cholesterol, and diabetes.^[@bibr4-1745506520932372],[@bibr5-1745506520932372],[@bibr43-1745506520932372]^

Another important difference between the groups was the finding that the exe + nutr group showed no reduction in LBM, unlike the nutrition group ([Table 1](#table1-1745506520932372){ref-type="table"}). This result emphasizes the contribution of exercising while dieting to maintaining muscle mass. This concurs with many other studies, which have demonstrated that when reducing calorie intake without exercising, weight loss includes losing fat and also muscle mass.^[@bibr26-1745506520932372]^ Body fat percentage was measured according to the bio-impedance analysis technique, which is not the gold standard to measure fat mass and has its limits. Due to this, fat loss was also measured by WC and HC using a measuring tape.

Following a loss of 3.5--3.9 kg during the program (in the exe + nutr and nutrition groups), there was a reduction in triglycerides, cholesterol total, LDL, HDL, and fasting blood glucose levels. The reduction of all these variables following weight loss has been well studied and documented and is one of the main motivators of weight loss.^[@bibr20-1745506520932372]^ Although not all variables decreased in a significant manner, both the exe + nutr and nutrition groups were still different from the control group in spite of the brevity of the program and an average weight loss of only 3--4 kg ([Table 2](#table2-1745506520932372){ref-type="table"}). It should be noted, however, that the results might not be significant and one should be careful to draw conclusions, due to the fact that the participants were responsible for collecting their blood results from tests conducted in their own health maintenance organizations; only a small number of participants supplied their blood results at the end of the program. The blood results were collected from three different health maintenance organizations and were adjusted by a well-skilled physician, though there could still be some discrepancies.

Another important reason for wanting to lose excess weight is due to high blood pressure.^[@bibr44-1745506520932372],[@bibr45-1745506520932372]^ In accordance with other studies,^[@bibr44-1745506520932372],[@bibr45-1745506520932372]^ our results presented in [Figure 2(a)](#fig2-1745506520932372){ref-type="fig"} exhibit that a loss of excess weight leads to a reduction in blood pressure even in a program as short as 8 weeks. The average blood pressure was reduced in both groups by 5.06 mmHg (exe + nutr group) and 3.65 mmHg (nutrition group), while the control group exhibited a small rise.

Physical ability has a major role in daily function. In this study, three physical ability tests were carried out: a flexibility test (SLR for range of motion in the hip joint and sit and reach test), a balance test (one-leg balance test), and an aerobic fitness test (VO~2~ max test). Higher aerobic fitness enables a person to manage regular daily living with less fatigue and less effort.^[@bibr46-1745506520932372]^ During the 8-week program, women in the exe + nutr group participated in many exercise classes including aerobic workouts. It was anticipated that this group would show a greater rise in aerobic capacity, which would be expressed in a higher VO~2~ max value. It should be noted that the values of VO^2^ max are expressed in mL/kg/min and if an individual loses weight, the VO~2~ max value will rise even without any exercise. Thus, both groups showed an elevation in VO~2~ max values ([Figure 2(b)](#fig2-1745506520932372){ref-type="fig"}), with the exe + nutr group exhibiting a higher rise (4.79 ± 4.38 mL/kg/min) than the nutrition group (3.19 ± 4.17 mL/kg/min). The control group showed no elevation and even a small decrease in VO^2^ max values (0.61 ± 5.06 mL/kg/min). One reason for the lack of significant differences between the groups could be the small number of participants from the nutrition group (n = 12) who agreed to perform the test after the program ended. The test requires carrying out exercise at an elevated heart rate; if a person is not used to this kind of physical effort, there is a tendency to stop during the test. Many of the nutrition group participants indeed asked to stop the test due to a feeling of strenuous effort.

It is very important to improve flexibility in obese people, as gaining fat mass is negatively correlated with flexibility, and a reduction in flexibility can reduce basic daily functioning.^[@bibr8-1745506520932372]^ People who exercise, especially those who emphasize stretching and strength exercises, are able to improve their range of motion, thus improving their score in the sit and reach test.^[@bibr47-1745506520932372],[@bibr48-1745506520932372]^ The exe + nutr group showed a two-fold better range of motion following the program than the nutrition group ([Figure 3(b)](#fig3-1745506520932372){ref-type="fig"}).

A person who loses excess weight can improve his or her physical performance, including stability and balance, due to weight loss alone.^[@bibr21-1745506520932372],[@bibr22-1745506520932372]^ Thus, in the one-leg balance test, both the exe + nutr and nutrition groups performed better after the program ([Figure 3(a)](#fig3-1745506520932372){ref-type="fig"}). It is well known that certain strength and balance exercises can improve stability and reduce falls,^[@bibr49-1745506520932372]^ but this study emphasized that reducing body weight can improve balance, as has been mentioned elsewhere.^[@bibr22-1745506520932372]^ Physical aspects were improved in the exe + nutr and nutrition programs, although the outcomes were better in the exe + nutr group, leading to better physical ability and daily function.

This study suggests that losing excess weight by either diet alone or diet and exercise together improves anthropometric, biochemical, physiological, and physical variables, with a small preference for the latter program.^[@bibr26-1745506520932372],[@bibr50-1745506520932372][@bibr51-1745506520932372]--[@bibr52-1745506520932372]^ But one of the major variables influencing quality of life and a healthy lifestyle is a person's psychological state. We found that by losing weight, the women participating in either the exe + nutr or nutrition program also increased their well-being, self-efficacy, body image, and self-image, especially among the exe + nutr group ([Table 3](#table3-1745506520932372){ref-type="table"}). This concurs with other studies that have shown improvement in psychological parameters following a diet and exercise program and their importance on the quality of life of middle-aged women.^[@bibr53-1745506520932372][@bibr54-1745506520932372]--[@bibr55-1745506520932372]^

One of the main perks of the programs was that during the 8 weeks, the participants could consult with the sports instructor (in the exe + nutr and exercise groups) or nutritionist (exe + nutr and nutrition groups) at any time. Consultation and encouragement are believed to be very influential factors that play a role in weight loss.^[@bibr56-1745506520932372]^ Six months after the program ended, the participants were contacted and were asked if they continued to diet and/or exercise. Prior to the end of the program, all participants were informed about how to continue dieting and exercising, as well as how to continue to lose weight. Six months following the end of the program, many of the participants had not continued dieting or exercising, and many of them had gained weight ([Table 4](#table4-1745506520932372){ref-type="table"}). This stresses the importance of guiding, consulting, and supporting an individual throughout the weight loss journey.

###### 

Follow-up phone survey 6 months after the end of the program.

![](10.1177_1745506520932372-table4)

  -------------------------------------------------------------------------------------------------------------------------------
  Follow-up questions                                                Answers       Exe + nutr   Nutrition   ***χ***^2^(***p***)
  ------------------------------------------------------------------ ------------- ------------ ----------- ---------------------
  Have you continued to diet?                                        Yes           45.2%        31.0%       0.23

  No                                                                 54.8%         69.0%                    

  Have you gained or lost weight?                                    Lost          23.8%        10.3%       0.18

  No change                                                          23.8%         41.2%                    

  Gained                                                             52.4%         48.3%                    

  How many kg have you lost?\                                        Mean          −4.10        −15.0       T(*p*) = 0.001
  **(number of women from both groups who lost weight: n = 13)**                                            

  SD                                                                 2.77          7.0                      

  How many kg have you gained?\                                      Mean          4.21         4.92        T(*p*) = 0.39
  **(number of women from both groups who gained weight: n = 36)**                                          

  SD                                                                 2.41          2.23                     

  **Have you exercised/continued to exercise?**                      Yes           52.4%        44.8%       0.53

  No                                                                 47.6%         55.2%                    

  **Do you exercise independently or in an organized manner?**       By yourself   53.8%        15.4%       0.05

  Organized                                                          26.9%         38.5%                    

  Both                                                               19.2%         46.2%                    

  **How many days a week do you exercise?**                          Mean          2.27         1.34        T(*p*) = 0.08

  SD                                                                 2.61          1.65                     
  -------------------------------------------------------------------------------------------------------------------------------

exe + nutr: exercise + nutrition program; kg: kilograms; SD: standard deviation.

The analysis included *χ*^2^test for nominal variables and t-test for independent sample for Likert-type scale variables; n = 70.

This study has a few limitations that should be taken into consideration. This was a retrospective observational study, with data taken from 96 out of 145 participants (67%), due to lack of response to the post-test assessments. Although it was a convenience sample and 33% were excluded (as well as the exercise group being excluded from the discussion because of such a small sample), the sample was still big enough to show significance and suggest that the exe + nutr group proved to be the best program for losing weight. Moreover, the study emphasized the important of analyzing multiple variables measured within the same cohort. This study does not purport to generalize the entire menopausal women population, but to direct a spotlight on the importance of multiple variables: anthropometric, biochemical, physiological, physical, and psychological, in the same cohort within various weight loss programs. This study presents an initial picture of this type of weight loss program, and future prospective studies should be done with larger samples.

Conclusion {#section24-1745506520932372}
==========

The results of this study indicate that weight loss may influence many aspects of life in overweight middle-aged women. The unique contribution of this study relates to the evaluation of a large variety of physical parameters along with psychological measures. We suggest that even in a relatively short-term weight loss program, there was improvement in all anthropometric, biochemical, physiological, physical, and psychological parameters. While there was improvement when participating in both diet and diet and exercise programs, combining diet and exercise showed the best results. We suggest the implementation of prospective investigations and/or implementation of such programs for the betterment of health in the overweight, middle-aged female population.
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